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INTRODUCTION

The Black Hills Community Inventory Report (Marriot et al. 1999) rated Wind Cave
National Park as exemplary for its large amounts of high quality vegetation with natural
processes in place. Thus, when necessary maintenance and improvement activities disturb the
ground and vegetation, it is a high priority to re-establish native vegetation as quickly as possible
in order to preserve this integrity. This is particularly important in the semi-arid environment
characteristic of Wind Cave NP, where rates of natural recovery by native species are generally
slow, and undesirable species often invade such disturbed areas. Until recently, revegetation
projects at Wind Cave NP used a seed mix recommended by the U.S. Department of
Agriculture’s Natural Resource Conservation Service (NRCS). This seed mix consists of two
cool-season grasses (western wheatgrass, Pascopyrum smithii, and green needlegrass, Nassella
viridula) and three warm-season grasses (sideoats grama, Bouteloua curtipendula, blue grama,
Bouteloua gracilis, and buffalograss, Buchloé dactyloides’). All of these species are native to
Wind Cave NP, but the seeds for revegetation projects come from commercial suppliers.
Questions about the success of plantings using this mix, as well as other questions about
alternatives for revegetation of disturbed areas at Wind Cave NP form the foundation of this
study.

Casual observations suggested that plantings using the NRCS mixture did not establish
quickly (M. Curtin, Wind Cave NP, pers. comm.). Instead, recruitment of species from the
prairies surrounding disturbed lands seemed to contribute significantly more to the vegetation of
disturbed areas than did the seeded species. It is not uncommon for revegetation projects
involving native prairie species to take three or more years to appear successful (e.g., Banerjee et
al. 2006, Piper et al. 2007.) This is often explained by the fact that many native prairie grasses
allocate much of their resources early in life to establishing extensive root systems instead of
putting on aboveground biomass (Schramm 1990). Thus, planted species may establish but not
be very noticeable, especially in the first couple of years following planting. During the time of
initial establishment, fast-growing, undesired species (weeds) can be much more visible than the
planted species. If this is the case, time may solve the problem as long as undesirable species are

kept under control. However, controlling undesirable weedy or invasive species until the planted

! Species nomenclature throughout this report follows the Integrated Taxonomic Information System
(http://www.itis.usda.gov/ accessed May 2007). Common names for all species mentioned in the report are given in
Appendix 1.



species become large enough to out-compete the other species is not always possible.
Quantitative information on the success of planted species and other species in revegetated areas
through time has not been collected at Wind Cave NP, leaving these anecdotal impressions
untested.

Questions regarding the merits of fall planting to spring planting also exist. Each of these
seasons has its advantages and disadvantages. Fall plantings provide conditions more similar to
the natural regeneration process than do spring plantings because fall-planted seeds experience
the variations in temperature, light, and moisture that often are necessary to stimulate
germination. However, because of the longer time between planting and germination, there is a
greater chance in fall plantings that seeds will be lost to wind or eaten by animals (e.g., Howe et
al. 2002), particularly if there is little snow cover in the intervening winter.

Also, although the grasses in the NRCS mix are matrix species in the park’s grasslands,
the diversity of the recommended mix is quite low compared to native vegetation. Coppock et
al. (1983) found 12 species of graminoids, 18 species of forbs, and 4 species of shrubs in plots
totaling just 4 m* scattered throughout a 0.4 ha area of undisturbed prairie in Pringle Valley at
Wind Cave NP. Symstad et al. (2006) found 44-63 native species in plots totaling 10 m* within
0.1 ha grassland sites in four different areas of Wind Cave NP. Greater diversity in a seed mix
generally increases the chances that at least one of the species planted will be successful in filling
the open ground. In addition, experiments manipulating plant diversity suggest that greater
diversity in prairie plantings decreases the chances of invasion by undesirable species (Naeem et
al. 2000; Kennedy et al. 2002; Biondini 2007) and increases native species richness and the
proportion of plant cover comprised of desirable species (Piper et al. 2007).

Increasing the diversity of revegetation mixes raises the questions of which additional
species to use and how to obtain their seeds. Composition of plantings designed to mimic native
vegetation are obviously determined by the species that occur in the area, but they are also
constrained by seed availability and influenced by the expected success of individual species in
the planting.

Seed availability, particularly for native forb species, can be low and/or the cost of these
seeds prohibitively expensive. In addition, park staff would prefer that seeds for revegetation
projects come from within the park or the near vicinity rather than from commercial origins.

Local seed sources are generally recommended for restoration in natural settings because they



are presumably better adapted to local environmental conditions (Falk et al. 2006). This is
important not only for the first generation of plants in a revegetation project, but also in the long
term. Natural populations may have greater genetic diversity, and therefore adaptability, than
commercially grown seeds (Stockwell et al. 2003), particularly when the commercially grown
seeds are “improved” varieties. Breeding between varieties from different conditions and the
park’s native populations may reduce the fitness of seeds produced by the local populations
(Rieseberg 1991; Hamilton 2001). Consequently, information on the potential for and costs
involved with using locally collected seeds was needed.

Predicting the success of individual species or mixes of species, particularly of those not
commonly used in plantings, is extremely difficult. One tool that might be useful is the
coefficient of conservatism (C-value) of individual species. This coefficient is a numerical index
indicating the likelihood that a species will occur in highly disturbed conditions within a specific
geographic area (Swink and Wilhelm 1994, Northern Great Plains Floristic Quality Assessment
Panel 2001). Therefore, it is an indicator of species’ sensitivity to disturbance. In this rating
system, native species that typically occur in disturbed areas receive low C-values (0-1), and
native species that typically occur in undisturbed, high-quality natural areas receive high C-
values (9-10). For example, curly-cup gumweed (Grindelia squarrosa) has a C-value of 1; big
bluestem (Andropogon gerardii) has a C-value of 5; and leadplant (Amorpha canescens) has a C-
value of 9. The five grass species comprising the seed mix used in recent revegetation projects at
Wind Cave NP have C-values in the middle of the conservatism range (4-7). Standard prairie
planting practices in the tallgrass prairie region include planting native species with low C-values
in order to keep undesirable weeds down while slower-growing planted species (like the grasses
in the current seed mix) become established (Packard and Mutel 1997). The theory behind this
practice is that the more disturbance-adapted species will eventually be out-competed by later
successional, more conservative species (i.e., with higher C-values) if disturbance does not recur.
However, some have suggested that many seed mixes are over-dominated by fast-growing, less
conservative species, which create a dense canopy or litter layer that the more conservative
species cannot penetrate (Weber 1999). Although soil disturbances are generally thought of as
providing habitat for early successional species, later successional species can also take
advantage of the light and soil resources released by soil disturbance (Rogers and Hartnett 2001).

Thus, planting just the more conservative species in the bare soil following construction may



yield vegetation that more closely resembles the native vegetation in a shorter time, provided that
unplanted, undesirable species do not gain control of the site. These concepts were tested in this
project.

I report here on the results of a two-part study over a three-year period (2004-2006)
addressing these issues. Part 1 assesses the success of revegetation of the area disturbed in the
2000-2001 “water line” construction project in relation to nearby undisturbed areas. Part 2
experimentally compares alternative mixes of species, planting seasons, and local- vs.
commercial-origin seeds for planting in disturbed areas.

Analysis and interpretation of data collected from Part 1 yield a quantitative assessment
of the revegetation success in a recent construction project. In addition, this part of the project
evaluates individual species’ abundance in the revegetation project to suggest native species
appropriate for future revegetation projects — i.e., those species who seem to thrive in this
disturbed condition. In Part 2, analysis and interpretation of data from experimental plots
planted with nine different species mixes, in two different seasons, builds upon the results of the
water line revegetation project. Comparison of mixes as a whole is used to evaluate different
planting strategies, whereas evaluation of individual species’ success in the plantings provides

information useful for refining mixtures for future use.

METHODS:

Study Site

Wind Cave NP is located on the southeastern edge of the Black Hills in southwestern
South Dakota. The Black Hills are an isolated extension of the Rocky Mountains with
vegetation comprised of elements from sagebrush steppe, western coniferous forests, eastern and
northern deciduous forests, and mixed and short-grass prairie. The park has a full complement
of native large herbivores, including American bison (Bos bison), pronghorn (Antilocapra
americana), elk (Cervus elaphus), white-tailed deer (Odocoeileus virignianus), and mule deer
(O. hemionus), and numerous small herbivorous and granivorous mammals, all of which had free
access to most areas used in this study. Although black-tailed prairie dogs (Cynomys

ludovicianus) are abundant in the park, none of the areas in this study fell in prairie dog colonies.



The climate is continental, with hot summers (July mean daily maximum 31° C) and cool winters
(January mean daily minimum -12° C). Average annual precipitation is 44 cm, with the wettest

period being May-July, when precipitation usually occurs as rain during thunderstorms.

Part 1: Assessing the Water Line Revegetation Project

The area assessed for revegetation success at Wind Cave NP was in the 2000-2001
“water line” project. This construction project buried a water pipeline from two wells to the
visitor center. The area disturbed by this project, which is a long (~5.6 km), crooked line 2-4 m
wide, was still quite visible at the outset of this study in spring 2004 (Figure 1). The line runs
through a variety of vegetation and soil types. Areas disturbed by this construction were planted
at two different times. The shorter segment, extending approximately northwest from the visitor
center, was planted in the fall of 2000, and is within a fence that excludes bison. The longer
segment, extending approximately east from the visitor center, was planted in the spring of 2001
and is accessible by all the park’s large herbivores. Seeds for both plantings were from a
commercial source, but records of their origin were not kept. Planting was done via
hydroseeding, in which seeds are combined with a sluice of degradable mulch and sprayed on the

soil’s surface.

Vegetation Measurements

Vegetation composition, cover, and diversity were measured in 200 1 m x 0.5 m plots
placed at 10 m intervals in 20 transects. Each transect had ten plots, and transects and plots were
paired so that one transect was in the approximate center of the area disturbed by the burial of the
water pipeline and the second transect was in vegetation undisturbed by the construction
(“reference vegetation™), parallel to and 10 m from the plots in the disturbed area. Eight and two
of these transect pairs were located in the longer and shorter water line segments, respectively, in
proportion to the area covered by each of these segments. The start of each transect pair was
randomly chosen within these segments, with the restriction that transects could not overlap.

The density of the five planted species in the disturbed area was measured as the number
of “individuals™ and cover of each species in each disturbed plot. Counts were done by mapping
the location of each individual on a grid representing the plot, which was delineated by a

portable plot frame subdivided into a grid of 10 x 10 cm squares. An individual was defined as a



shoot or group of shoots sharing the same roots. Thus, for the bunch grasses (all but P. smithii)
an individual was a clump of shoots. For P. smithii, individuals were generally single shoots
because the rhizomatous growth form of P. smithii made it impossible to distinguish individuals
that originated from a single seed. Foliar cover of each species was visually estimated to the
nearest 1%.

Plant community measurements consisted of visual estimates of the foliar cover of each
species in the plot. In addition, the plot area not covered by green (live) foliage was categorized
as litter, bare soil, or rock, and the area covered by each of these categories, as a percentage of
the plot, was estimated. The sum of the cover of all these (plants and non-plants) was made to
equal 100 unless there was significant layering (e.g., shrub foliage covering grass foliage), which
was rare. In the first year of data collection (2004), cover estimates were done twice during the
growing season (June 7-28 and August 4-19). In the following years, cover estimates were done
only once (July 7-28, 2005; July 24-August 7, 2006) because of time constraints. Except where
noted, analyses using 2004 data used August values, as these are more consistent with the later

sampling times of the following years.

Data Analysis

For each planted species, and only in the disturbed plots, the number of individuals per
plot and the species’ cover were compared between the fall-planted plots (transects 9-10) and the
spring-planted plots (transects 1-8) and through time with a repeated measures analysis of
variance (RMANOVA) using the MIXED procedure in SAS (SAS Institute Inc. 2004). Plots
were considered subsamples within transects; thus, transects were the sample units.

RMANOVA using the MIXED procedure was used to compare aggregate community
measures and ground cover characteristics between disturbed and reference plots through time.
Each pair of transects was treated as a random block and plots within paired transects were
paired subsamples. Where necessary, data were transformed to better fit the normality
assumption of RMANOVA. Jaccard’s similarity index was calculated for species composition in
each transect pair in each year, and ANOVA was used to compare this index over the three years
of data collection. When ANOVA effects were significant (P < 0.05), comparisons of least-
squares means were used to evaluate differences between disturbed and reference vegetation

and/or among sampling years.
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The blocked multi-response permutation procedure (MRBP) in PC-ORD (McCune and
Mefford 1999) was used to test for differences between the reference and disturbed vegetation
based on the importance value' of species in the appropriate (disturbed/reference) transect of
each transect pair. Principal Components Analysis (PCA) was used to qualitatively discern
species that contributed to the difference in composition between disturbed and reference
vegetation and to evaluate changes in composition from 2004 to 2006. Differences in the rate of
change in composition from 2004 to 2006 were compared between the reference and disturbed
vegetation using the following method: (1) vector length between the scores on the first two
PCA axes in the second PCA described above was calculated for each transect-plot type pair; (2)
a paired t-test was used to determine whether the vector length was different between reference
and disturbed transects (McCune and Grace 2002). PCA and its assumed linear response was
acceptable for these data sets because gradient lengths in detrended correspondence analysis
(DCA) did not exceed 3.0 SD (ter Braak 1995).

Indicator species analysis (Dufréne and Legendre 1997) in PC-ORD was used to
quantitatively test for the adherence of species to disturbed or reference vegetation. This
procedure combines species frequency and abundance information into a value representing the
degree to which that species is faithful and exclusive to a group (disturbed or reference
vegetation, in this analysis). Indicator values are tested for statistical significance using a Monte
Carlo method. Only species that occurred in at least 5% of the plots in at least one year of the

study (49 species) were used in ordinations and indicator species analysis.

Part 2: Comparing Seed Mixes in Experimental Plots

Forty-four species were used in the experiment comparing seed mixes (Appendix 1). A
complete description of seed collection and handling methods, species composition of mixes,
experimental design, and planting methods was provided in a previous report (Symstad 2006).
Therefore, these items are only summarily described here. Two sources of seed were used,
depending on the experimental treatment (see next section). “Locally collected” seed was hand-

harvested from natural populations within Wind Cave NP or in its near vicinity. Commercially

" Importance value is calculated for a species within a transect as the sum of its relative frequency and its relative
cover.
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grown seed was purchased from Foothills Seed, Inc. (Sturgis, SD), using varieties recommended
for the vicinity of Wind Cave NP.

Seed viability was tested by standard methods (South Dakota State University Seed
Testing Laboratory, Brookings, South Dakota) for 25 of the locally collected species. Sufficient
quantity of the 19 remaining species was not available for viability testing. Viability rates of the
commercially-grown species were provided by the supplier. Because viability data were not
available for all species, this information was used only in interpretation of results, not to adjust

seed planting rates.

Seed Mixes and Experimental Design

Five main treatments were planted in the experiment. The composition of the first three
treatments was determined by species’ C-values (Low = 0-5, High = 5-9, Mixed = 0-9) and the
seeds used were locally collected. Within each of these three treatments, two distinct mixes
(designated L1, L2 for low C-value, H1, H2 for high C-value, and M1, M2 for mixed C-value in
Table 1) were compiled so that the effect of different species composition within C-value
treatment could be assessed. The fourth main treatment consisted of four of the five grass
species used in previous plantings (P. smithii, N. viridula, B. curtipendula, and B. gracilis) and
Schizachyrium scoparium as a replacement for B. dactyloides. Within this treatment, two
separate mixes were distinguished by the origin of their seeds, locally collected or commercial
(designated PML and PMC for previous mix-local and previous mix-commercial). The fifth
treatment was a control (designated C), in which no seeds were planted. These treatments are
summarized in Table 1.

Plots were established in a 65 m x 20 m, flat area at the park’s “Mixing Circle”. The
vegetation in this area was generally weedy and patchy due to previous disturbances, and various
materials had been stored on it for years. In late November 2004, these materials were removed
and the area was graded to break up established vegetation and loosen the soil. Ten blocks of
nine 3 m x 3 m plots were demarcated. Half of the blocks were randomly assigned to be planted
in the fall, and the remaining half to be planted in the spring. Within each block, seed mixes
were randomly assigned to the plots, with each block having all nine seed mixes. Therefore,

there were five replicates for each seed mix x planting season combination,.
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The number of seeds planted in each 3 m x 3 m plot was held constant at 4,800. This is
approximately double the NRCS recommended rate of 270 seeds/m”. For L, H, and M mixes,
three species were planted at 750 seeds per plot, three species were planted at 450 seeds per plot,
and eight species were planted at 150 seeds per plot. In all but one of these mixes (L1), two of
the species seeded at the highest rate were grasses. These values were chosen to represent
dominant, subdominant, and occasional species, constrained somewhat by availability of seed.
For PM mixes, all species except P. smithii were planted at 1137 seeds per plot; P. smithii was

planted at 252 seeds per plot because of low seed availability for the locally collected mix.

Seed Handling and Planting

Locally collected seeds were harvested by hand from throughout the park as each species
ripened in 2004. Three species were collected from natural populations within 80 km of the park
because of difficulties finding viable seeds within the park. Between collection and processing,
seeds were stored in paper bags in a cool, dark place. After all seeds were collected, all
collections were combined and mixed thoroughly by species. The number of fully-formed seeds
in five small subsamples from each species was counted to estimate the seed number per unit
mass of seed. Using these values, the appropriate mass of seed of each species was measured for
each plot, and most species for a plot combined with an approximately equal volume of damp
sand to aid in spreading during the planting process. Species requiring light for germination
(Artemisia frigida, Artemisia ludoviciana, G. squarrosa, and Monarda fistulosa) were kept
separate from those combined with the sand. Legume species were scarified with sand paper
after weighing and prior to being mixed with other species in the sand. All seeds were planted
by hand broadcasting. Seeds in the sand were raked into the plot’s soil, and then light-requiring
seeds were sprinkled on top. The fall planting was done on 13 December 2004 and the spring

planting on 4 May 2005.

Plot Maintenance and Monitoring

Plots were maintained and data collected in 2005 and 2006. Growing-season natural
rainfall was monitored at the experimental site May-September in both years. The planted area
was watered as needed from late May to late September 2005 to keep seedlings from desiccating.

This supplemental watering added approximately 6.4 cm to 33.6 cm of natural growing-season
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rainfall. Time constraints and equipment failure led to less water being applied in 2006;
approximately 3.0 cm were added late May-mid August to 17.6 cm of growing-season natural
rainfall. Average May-September rainfall for the park is 29.2 cm. Cirsium arvense and
Onopordum acanthium, aggressive exotic species, were clipped prior to flowering throughout the
2005 and 2006 growing seasons from plots in which they were abundant. These clippings were
removed from the plot.

Vegetation in the experimental plots was measured twice during each growing season,
once in mid-May to early July and again in August and September. The central 2 m x 2 m
square of each plot was sampled with four 1 m x 0.5 m subplots arranged in a checkerboard
pattern. Within each of these subplots, cover values for each plant species was visually
estimated as in the waterline part of the project. In 2005, seedlings of all species planted in the
particular plot were mapped and counted, and the total cover of each species’ seedlings
estimated. In 2006, this procedure was continued and supplemented in two ways. First,
surviving seedlings from 2005 were mapped and counted. Second, seedlings of species planted
anywhere in the experiment were mapped and counted in the control plots (Mix C). The latter
was done because data from 2005 showed that many seedlings of species planted in the
experiment occurred in plots in which they were not planted. These seedling counts in the
control treatment serve as a measure of background soil seed levels, with the acknowledgement

that this background measure is not ideal because equivalent data for 2005 were not collected.

Data Analysis

Data were compiled at the plot level and at the species level. Plot level data are
aggregate measures of the plant community, such as native species richness, total exotic species
cover, and seedling number as a proportion of the seeds planted in the plot. Species level data
were compiled for species over all mixes in which they occurred and include measures of
success such as seedling number as a proportion of seeds planted in plots (“adjusted seedling
number”’) and mortality rates over different time periods. In all cases, data from subplots were
combined into a plot value before any other compilation so that plot is the sample unit.

For cover data, the maximum value of the two sampling times for a subplot was used for
each species. This was done to account for the variability in maximum cover time among the

species. For seedling counts, the total number of seedlings occurring in the sampled portion of
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the plot in a year was used for most analyses. Seedlings surviving from the first to the second
round were counted only once. Mortality rate calculations (within seasons and overwinter
mortality) used seedling numbers from each sampling period separately. Natural seedbank
occurrences were differentiated from seed mix treatments by contrasting seedling numbers in
planted plots to control plots in the same block. Three planted species (Pascopyrum smithii,
Rosa arkansana, and Symphoricarpos occidentalis) were not included in any analyses using
seedling counts because of difficulties distinguishing between seedlings and vegetative sprouts
from residual vegetation.

Effects of planting season, seed mix, year of data collection, and their interactions on
aggregate plant community measures were evaluated with a repeated-measures split-plot
ANOVA model using the MIXED procedure in SAS, followed by comparisons of least-squares
means when effects were significant (SAS Institute Inc. 2004). Block was a random factor.
Effects of species identity and species x planting season interaction on adjusted seedling number,
seedling cover, and mortality were evaluated using the MIXED procedure in SAS. Species-level
responses were analyzed separately for 2005 and 2006, and species were generally not separated
by seed mix. In order to compare the success of locally collected and commercially grown grass
seed, adjusted seedling number and seedling cover of individual species was compared in
separate (one for each species) ANOVAs evaluating the effects of seed mix (PML and PMC
only) and the interaction between seed mix and planting season.

Proportions were arcsine-square root transformed for analysis, and other values were log-
transformed if necessary to improve the normality of the dataset. Unless otherwise noted,
statistical analyses for this part of the study use a = 0.10 because of high variance among

replicates.

RESULTS:

Part 1: Assessing the Water Line Revegetation Project

Planting Season

There were four times as many B. gracilis individuals (P = 0.02) in spring-planted areas

than in fall-planted areas. Although there was no difference (P > 0.10) in density between
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planting seasons for any other planted species, there was a trend for greater numbers of
individuals in the spring-planted areas (Table 2). Density of each planted species was similar
over the three years of data collection (F», 16 <2.50, P > 0.11), and there was no interaction effect
of season and year for any species (F2, 16 < 0.85, P > 0.45). Cover of the planted species in the
disturbed area varied slightly more than density among planting seasons and through time.
Bouteloua curtipendula cover was significantly higher in 2006 in the fall-planted area than in
any other season x year combination (interaction effect F, 14 =3.93, P = 0.04), while B. gracilis
cover was 360% greater in the spring-planted areas than fall-planted areas (P = 0.04, Table 2).
No other year (F», 16 <2.62, P > 0.10) or season x year effects were significant (F», 16 <2.59, P >

0.11).

Planting and Revegetation Success

Overall, B. gracilis appeared to be the most successful of the five grass species planted,
while B. dactyloides was the least successful. Buchloé dactyloides had consistently low cover (<
0.5%) throughout the three years, both in the disturbed areas and in the nearby reference
vegetation (Figure 2). Two species, B. gracilis and N. viridula, had higher cover in the areas
where they were planted than in the reference vegetation in all three years, and P. smithii
followed this pattern in 2005 and 2006. Bouteloua curtipendula and B. gracilis cover increased
significantly over time in the disturbed, but not reference, vegetation, and N. viridula cover
followed this pattern, but not significantly (Table 3, Figure 2). Despite the increase in these
species, their percentage of the total plant cover in the disturbed vegetation remained similar
over time, even though this percentage decreased in the reference vegetation (Table 3, Figure 3).

Differences in native species richness between reference and disturbed vegetation varied
marginally (P = 0.066) among years, with 2004 disturbed vegetation and 2005 r